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Introduction {#s1}
============

Age-related structural and functional deterioration of sensory and motor mechanisms, especially of the vestibular system, is a leading cause of dizziness and imbalance in older adults ([@R1], [@R2]). It is well established that older individuals with a history of imbalance and dizziness are at higher risk of fall related injuries, loss of independence, and even death ([@R1]), all depicting the importance of determining the effect of aging on the vestibular system ([@R3]).

The peripheral vestibular apparatus consists of the labyrinth (semicircular canals and otoliths), vestibular nerve, and a central component consisting of the vestibular nuclei ([@R4]). The otoliths (saccule and utricle) register forces related to linear acceleration ([@R2]). Vestibular evoked myogenic potential (VEMP) is a reliable clinical tool to assess the accuracy of the sacculo-collic reflex ([@R5]), first introduced by Colebatch and Halmagyi (1992) and further described by Colebatch et al. (1994) ([@R6]). VEMP is a short-latency myogenic response evoked by loud sounds and recorded using surface electrodes placed over cervical muscles ([@R6]). The VEMP response consists of a positive peak (P1) in the ipsilateral sternocleidomastoid (SCM) followed by a negative peak (N1) ([@R6]).

The effect of aging on VEMP response has been reported in previous studies (e.g. Su et al. ([@R7]), Lee et al. ([@R5]), Janky et al. ([@R8]), and Tseng et al. ([@R9])). The evidence is accumulated that the aging influences on P1 and/or N1 latencies, although a new study by Nguyen et al. ([@R10]) did not report any significant difference between latency measurement and aging. Furthermore, the effects of aging on VEMP amplitude has also been reported in previous studies ([@R3], [@R5], [@R9], [@R10]). However, Janky et al. ([@R8]) did not find any effect of aging on VEMP amplitude at the threshold level, though amplitude was negatively correlated with age in suprathreshold level.

Age- dependent anatomical and physiological changes in vestibular system has also been reported in previous studies ([@R11]-[@R19]). As age-related loss of vestibular otolith-ocular function is associated with increased mediolateral measures of sway ([@R20]), characterizing the impact of aging on saccular function is important. However, little is known about the influence of aging on the function of otolith organ. In recent years, VEMP has become a standard clinical test of otolith (mainly saccular) function ([@R6]). The VEMP is an easy-to-use test that can be performed in a relatively short time, though some previous studies have contradictory recommendations ([@R3], [@R5], [@R7]-[@R10]). The aim of the present study was to evaluate the impact of aging on saccular function using cVEMP response.

Methods {#s2}
=======

This comparative survey was conducted from February to July 2013. Sixty-two subjects were including, 31 young adults (62 ears) with a mean age of 22.15 ± 1.93yr (range: 19-26yr) comprising 27 females and 4 males as control group, and 31 old adults (50 ears) with a mean age of 69.76 ± 5.14yr (over age 60) comprising 26 females and 5 males, as test group. The mean pure tone average at 500, 1000, and 2000Hz was ≤ 25dB HL for both groups. Inclusion criteria were as follows: participants with no history of middle ear pathology, and no vestibular, cervical and neurological disorders. The study protocol was approved by the Ethics Committee of ShahidBeheshti University of Medical Sciences, and informed consent was obtained from all participants.

Procedures {#s2-1}
----------

Adherence to inclusion criteria was confirmed by having all volunteers complete a case history, Berg balance test (to evaluate total balance status), otoscopy and acoustic immittance evaluation (to test middle ear health using an impedance-interacoustic AT235 audiometer, Denmark), and pure tone and speech audiometry (to evaluate the integrity of auditory pathway-interacoustic AC40 audiometer, Denmark). Participants also underwent a cervical VEMP (cVEMP) test performed using electrophysiologic equipment (ICS Charter EP, USA, software version 6.20). To activate the SCM muscle, participants were asked to sit in a chair and turn their head toward the contralateral side shoulder.

For cVEMP recording, 150 responses to air-conducted 500 Hz tone bursts with two-cycle rise/fall and no plateau (Blackman gated) were presented monaurally with rarefaction polarity via an insert receiver. These were averaged with a stimulation rate of 5.1/s. The responses were amplified (5000×) and band-pass filtered (10 Hz-2000Hz). The skin was prepared and the active electrode was placed at the midpoint of the SCM muscle belly; the reference electrode was set on the sternoclavicular junction, and the ground electrode was placed on the forehead. The cVEMP responses were obtained at threshold level (VEMP threshold was defined as the lowest level at which VEMP parameters were repeatable and distinctive) and at 95dB nHL intensity level. VEMP response thresholds were obtained using a down 10, up 5 dB step manner. Each recording was repeated twice to assure reproducibility. To avoid distortion of the results by neck muscle fatigue, participants were trained to rest between trials. The VEMP threshold, P1 and N1 latency, P1/N1 amplitude, and asymmetry ratio were determined for all participants after the VEMP responses were recorded. The asymmetry ratio (AR) between the right and left ears was computed according to the following formula ([@R21]).
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Data were summarized as means (± SD). All statistical analysis was performed using SPSS software (IBM SPSS Statistics 21). Kolmogorov-Smirnov was used to test normal distribution of the data. The data was analyzed using a paired-samples t-test and independent-samples t-test. Differences were considered significant at p\< 0.05

Results {#s3}
=======

To examine the effect of aging on saccular function, cVEMP results for the older group were compared with the controls. There was no significant difference between VEMP parameters for the right and left ears, therefore, the results for both ears were combined. The VEMP responses revealed that 23 participants had bilateral VEMP response and 4 participants had unilateral VEMP response (in 112 of 124 ears in the 62 participants). Four participants had no VEMP responses in both ears. The VEMP was also recorded for all controls).

[Fig. 1](#F1){ref-type="fig"} shows the cVEMP waveforms obtained at 95 dB nHL from the right ear for a young and an old adult. The independent-samples t-test demonstrated a significant difference in VEMP response threshold between the two groups (p\<0.001). There was also a significant difference in P1 wave latency between the two groups (p\<0.001). No significant difference existed for N1 wave latency between the two groups (p=0.06). The independent t-test showed a significant difference in P1/N1 amplitude (p\<0.001), and asymmetry ratio of P1/N1 amplitude showed a significant difference between the two groups (p=0.01). The standard deviation, mean threshold level, latency, amplitude, and asymmetry ratio of P1/N1 amplitude of VEMP for the two groups are shown in [Table 1](#T1){ref-type="table"}.
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###### Comparison of the means (SDs) of the VEMP parameters in the two study groups

  ----------------------- ----------------------------- ----------- --------- ----------------- ---------
  VEMP parameters         Age Group                     Mean ± SD   Range     p                 
  Threshold (dBnHL)       Older adults (n=49 ears)      87.65       ± 5.69    75 -- 95          \<0.001
                          Young adults (n=49 ears)      78.88       ±5.23     65--85            
  p1 latency (ms)         Older adults (n=50 ears)      16.46       ± 1.73    14.40 -- 23.25    \<0.001
                          Young adults (n=62 ears)      15.43       ± 1.23    13.50 -- 18.40    
  n1 latency (ms)         Older adults (n=50 ears)      24.09       ± 2.00    20.92 -- 31.27    0.06
                          Young adults (n=62 ears)      24.77       ± 1.88    19.50 -- 27.93    
  p1-n1 amplitude(μV)     Older adults (n=50 ears)      63.79       ± 41.79   22.70 -- 199.95   \<0.001
                          Young adults ( n=62 ears)     144.14      ± 55.31   34.42 --258.06    
  Asymmetry Ratio (AR%)   Older adults (n=23 persons)   15.90       ± 11.83   0.00 -- 38.33     0.01
                          Young adults (n=31 persons)   8.38        ± 8.47    0.05 -- 34.53     
  ----------------------- ----------------------------- ----------- --------- ----------------- ---------

SD: standard deviation, ms: millisecond, μV: microvolt, and dB nHL: decibel normalized hearing level.

Discussion {#s4}
==========

Dizziness and imbalance are common complaints by older adults. Although, in recent years, research has demonstrated the role of otolith function in postural stability ([@R20]), few studies have investigated age-related loss of otolith organ function. The purpose of this study was to examine the effect of aging on saccular function in the elderly. The cVEMP measurements were recorded using tone burst 500 Hz stimuli delivered through air conduction and compared between the two study groups.

Unilateral or bilateral omission of cVEMP response in some of the elderly has also been reported in the previous studies ([@R7], [@R8], [@R22]), which might be due to age- dependent changes in the course of producing the required response.

*Effects of age on cVEMP threshold:*The results showed that cVEMP thresholdsincreases with an increase in the age, which is in association with previous studies ([@R8], [@R22], [@R23]). Ochi and Ohashi ([@R23]) reported the effects of age on VEMP response in 60 healthy adults. Their study showed a significant correlation between age and VEMP threshold. Welgampola and Colebatch ([@R22]) investigated the influence of aging on the vestibule-collic reflex in response to click stimuli and demonstrated that VEMP thresholds increased as age increased. Janky and Shepard studied 46 normal adults ranging in age from 20 to 76 yr. cVEMP responses were recorded at threshold with a click for 250, 500, 750, and 1000 Hz tone burst stimuli and at a suprathreshold level for a 500 Hz tone burst stimuli. They documented a significant difference between age groups for threshold. The increase in cVEMP threshold may be caused by age-related functional changes in the sensory and neural components involved in the projection of cVEMP responses. In fact, aging may affect the cVEMP response pathway from the saccule, scarpa ganglion, inferior vestibular nerve, lateral vestibular nucleus and lateral vestibule-spinal tract to the SCM muscle.

*Effects of age on cVEMP latency:*The present research demonstrated a difference for P1 wave latency between the two study groups where P1 wave latency increased as age increased. Analysis of the data also indicated that there was no N1 wave latency difference between the two study groups. This may be because the spread of central transmission and the time required to activate the vestibulo-collic reflex that causes the VEMP response changed as age increased. Previous studies have reported inconsistent results on age-related changes in the latency of cVEMP responses. The findings of the present study are in agreement with those of Janky and Shepard ([@R8]) who reported no difference between groups for N23 latency in response to click and tone burst stimuli. Su et al ([@R7]) reported that the P13 latency increased as age increased, although this difference was not significant. These results, however, are in disagreement with those of Nguyen et al. ([@R10]), who found no correlation between latency of VEMP response and age. Possible explanations for this discrepancy are differences in recording techniques, such as variations in stimuli rise/fall time, and filter setting, for instance, in Nguyen et al., tone bursts stimuli with a linear envelope and 1ms rise/fall time and 2 ms plateau time were used. Age - dependent variations observed in latency of cVEMP response might probably be due to the created changes in processing messages from otolith organs by central nervous system but might not be related to reduced function in peripheral vestibular system.

*Effects of age on cVEMP P~1~/N~1~amplitude:*The results of the present study showed a difference in P1/N1 amplitude between the two groups. In other words, the P1/N1 amplitude decreased as age increased. These findings confirm the results of other studies ([@R3], [@R5], [@R7], [@R22]-[@R25]). This decrease may be caused by several factors, such as age-dependent anatomical and physiological changes in the vestibular end organ and central pathways or age-related changes in the tonic SCM muscle electromyogram level.

*Effects of age on cVEMPasymmetry ratio:*The results of the present study also showed no difference between left-right cVEMP parameters, which again confirms the results of the previous research ([@R5], [@R8], [@R22], [@R23]). Although the mean asymmetry ratio for P1/N1 amplitude in each group was within normal range, the mean asymmetry ratio showed a significant difference between the two groups.

The cVEMP response is an easy-to-use test that can be performed in a short time. Thus, cVEMP response can be used as an objective screening tool to identity the first symptoms of vestibular disorders. Numerous pathological and non-pathological factors can affect VEMP parameters. Pathologies affecting VEMP parameters include: acute vestibular neuritis ([@R26]), benign positioning vertigo ([@R27]), Meniere's disease ([@R28]), vestibular schwannoma ([@R29]), otosclerosis ([@R30]), middle ear disease and hearing loss ([@R31], [@R32]), superior canal dehiscence syndrome ([@R33]), gentamicin toxicity ([@R34]), central vestibular disorders ([@R35]-[@R37]). Non-pathological factors include aging and recording techniques. It is proposed that audiology clinics establish normative data for different age groups using standard protocols for recording VEMP responses similar to auditory evoked potential and vestibular-ocular reflex function tests.

A limitation of the present study was inability of the device to record the EMG level, which required maintaining muscle tone using the feedback method ([@R38]).

Conclusion {#s5}
==========

The results of the present study showed that aging can influence the parameters of the VEMP response. The cVEMP response threshold, latency (especially P1), and asymmetry ratio of P1/N1amplitude increased, while the P1/N1amplitude decreased. VEMP abnormalities observed in healthy older adults indicated the sensitivity of this test in identifying the first signs of vestibular dysfunction. The VEMP response is easy to use, can be performed in a short time and only requires equipment for evaluating auditory evoked brainstem responses. Therefore, the cVEMP response can be used as a selective objective screening test to detect vestibular disorders. The results of the present study can provide normative data for correct interpretation of VEMP response results in the identification of saccular disorders, which are representative of vestibular disease.
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